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Phase Failure | Effzc! Descriplion Haram Reforence
P Prnzumalle cantol package fails o provide Fefiom pressurant low 1o HPOTE intemmediale seal purge. fnsuflickent purga Faifs to msmkin 1R
41 itealing purgs barr er. Contreller menkbors HPOTR iMermedigle seal purge pressure senior and delects oul-ol-limil corditlon. Enging ME-E15
ready 15 nhewled, Lsunchdelay. |oss af vehicle due te HEOTE fire may result il falture 1o provide HPSTP IMSE purge s nol delegbad.
Redundancy Sereens PHEUMATIC SYSTEM - SENSOR SYSTER: LNWLIKE REDUNDANGY
A Pass - Redundant hardwars #ems ars capeble of chackout during ronmal groweed Lurmaraund,
H: Pass - {283 of 3 redundant hardweare items |5 delectabla durdng flight.
C:#Fall - Loes of mdundant hardware lsms could resull from 3 single credible pvent.
Ghic Cortroller mamtars iMermedizla saal purge pressure Sonlaller delecls gub-aidenil sondifian caused by loss ar reductan of purge inltiates 1
4. englng shuldown, Loss of mlermediale seal pressure barier ainws LOY and hit gatas lo mix and lurbopump fallure. 1Loss of vehicle, KEL1S
ME-CAha
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SSME FMEA/CIL

DESIGN
Companent Group: Prneumatic Contrals Frepared: P. Lowrdmpre
CIL Nem: C200-08 . Appraved; T. Nouyers
Campenenl: Preumalle Sonirot Azsem bly Appraval Baje: LA L]
Part Numbar: RO 150 Change #- ki
Eallure Mode: frsufiglent ar ng halium purge Row, Directhea #: CCBD MEA.01-5213

Fage: 1cf 2

Dztign ¢ Cocuman Relzrancs

FAILURE CAUSE: A:PCA companent fallura: PCA et heflum filler hlacked,

B: PCA cotponenl Bilure; HROTE Intermediala s=al purge control orfice blackod.

C: HFDTF Intermediate sogf purga snlenold velve Faliure: Intet Niker blacked,

D: HPOTP Intermadiate seal purge sotenold valve fallure: vant part Poppetizaal feakage due to: Contamnation.

F: HPOTP Intermediate seal purage salenakd valve lailure: Vant port poppat!seat lazkage dua ta: Armatars gr prirshrod Jammed,
G: HPOTP Inlermed|ate seal purge pres surp actuater velve: Pitan Jammed closad,

H: HPOTP Intermedilats aeal purge pressure actualed vakva: Spacarfseat aszambly lammed clased,

{: HPOTP intennediete seal purga press ure actuated valve: Contral cavity aeaf leakage dus ho: Cantaminalion,

H: HPOTP Intermadlate seal purge prassure acluated valve: Vent porl poppebiseat leakzpa dus lo: Contaminallon,

CETAL PARTE ANO YEST FIETURES ARE CLEAMED [ PRIOR TO ASSEMBLY (2). ASSEMELY AND TEST ARE FERFORMED IM A CLEAN ROCK (3 LUBRICANTS ARE MOT ALLOWED
FOR ASSEMILY OR TEST {21 COMPONENT LEVEE TEST FLUIDE ARE MITROGEN AMD HEL UM WHIGH MEET 1HE HARDWARE CLEANLINESS REQUIREMENTS (7). THE COMPONERNT
PARTZ AND SUBASSEMBLY AQE FREE OF VISIELE FOREIGH PARTICLES AT THE TME OF ASSEMBLY (2. AT THE ENGINE LEVEL, A 15-MICRON FILTER IN THE PHEUMATIC SONTREL
ASSENBLY (4] AND 15-MICHRON FIETERS AT THE INLET AND DUTLET OF THE SOLEMNCHD VALVE (5) ENSURE THAT CONYAMIMANTS LARGER TianN TH-MIGROMNS WILL BE REMOYED,

THE PRERBURE ACTUATED WALVE (5] AND S0OLENCHD VALVE (5) INCCRPORATE TEFLON GUIDES \WHICH FREYENT METAL-TC-NE 1AL RUBBING AND METAL PARTICLE GEWERATION.
THESE DESIGH FEATUIRES RREVEMT GEMERATION OF METALLIC PARTIZLES W THE IMMEDHA FE AREA WWHICH COULD JAM THE SCL.CMOID ASBEMBELY ARMAFURE, PLISHR oD, DR
STEM ASSEMBLY, AHD TIE PAY PISTON Oft SHAFT. THE FISTON-POPPET LD RATIC) PREVENTS THIE POSSIBILITY OF CCCKING. THE Pavy PISTOM AZBEMBLY AND SHAFT ARE HELD
IN ALIGNWMENT AT EACH END (). IM THE EVENT THAT METALLIC PARTICLES FROM AMDTHER SOLRCE GET INTD THESE sREAS, THE FARTKILES BECOME IMREDDED [N THE TEFLOH
SLEEVE. Tl 5 FREVENTS GALLING BETWEERN THE BODY AND POPPET AND PREVEMTS JAKB NG,

{1 ELOM ) (2} RLDG22E. RLM Y36 {3 ROF11-800; (4) ROO1T450, (5 RSMO3A1; (83 RO01 1940

FAILURE CAUSE: E: HFOTF fnlermediate sead Purge anlenold valve failore: Vent pogt Foppat'seat lakage dus to: Damageddetactive geallng surface.
J: HROTF Intermediate seal Purga prasaure acivated valve: Cantrol cavity =ea! leakaga dus to; Da maged!defactiva geal,
L: HFQTP intermed|ala s=al purge pressora acluatsd valva: Vent port poppetisend laa hage due tor Damegedidefective sedling surface,

TUNGSTEN CARBIGE ¥5 LSFD TO MANUFASTURE THE PURGE SOLENOIC VALYE POPPET {1}. TUNGETEM CARBIDE W4 S SELEGTED FORITS RESISTANCE TOWEAR AND ITS
VIRTUALLY MOROSITY-FREE STRUCTURE, THE WATERIAL IS CORROEION RESISTANT AND, WHERE USED, IS MOT SUBJECT TO STRESS CORROSION CRACKING [3). THE SEAT (2013
MANUFACTURFN FROM 4400 CRES BAR. HARDNESS ANC WEAR RESISTANCE ARE THE FRIMARY REASCNS FOR USING 440C CRES. THE MATERIAL ALSO EXHIBITS SUFFIGIENT
CORRASIGN RESISTAMCE TO BE SUITARLE FOR THE APPLICATION (2), THE PAV PISTON AND SPACER SEALS ARE PRESSURE AZSIETEL {4). THE SEAL MATERIAL 15 TEFLOM ).
THE TEFLON REDUCES GALLING AND PROVIDES A LOW COEFFICIENT OF FRICTION. THE SURFACE F{MISH OF THE YaLVE BOOY BORE REDUCES SEAL WEAR AND PROVIDES A
SMOOTH SURFAGE FOR MOVING PARTS th). THE PAY POPPET (7) 15 MADE FROM 321 CRES. STREMGTH AMD DUSTILITY ARE THE PRIMARY REASONS FOR SELECTING 321 CRES,
TH!S MATERML IS CORROSISHN RESISTANT AND EXHIEN % A RESISTAHCE TQ STRESS CORROSION CRACKING [8), THE Pay SEAT %) 12 MADE FROM T075-TA% ALLKANUM ALLDY.
LIGHT-WEIBHT, STRENSTH AND 8 RESISTANCE TO STREES CORROSION CRACHING (2] ARE THE REASONS FOR USING THIS MATERIAL. THE FPOPPET SBAL 1S MADE FROM HEL-E
9 LOW COLD-FLOW CHARACTERISTICS AMD GOGD 00 CTILITY ARE THE PRIMARY REASONS FOR, USING KEL-+ {2}, BECAUSE OF THE KEL-E DUCTILITY, SMALL CONTAMINAMT
PARTICLES IMRED IM THE KEL-F AND DO HOT CAUSE LEARAGE EARGE PARTICLES PARTIALLY IMBED N THE KEL-F \WHICH MINIIZES SEAL LEAKAZE.

1) RSODB1DS; {21 MEFC-BPEC-522, RAS-15825 (2] K3002060 (4] ROO14040; 15) RESA IE6, RES136S; [8) ADD11024; (7) RGIMBCIT, () READEOG: [ REQ0AOZE



Coonm poet g Frrumatls Conltrols

Freparsd: P_ Lol r
CIL I C20-08 Approvad: T.Mguyen
Component: Preumalfc Control Assembhy Anproval Date: LI/ L
Fart Humber: ROM1G460 Chahge #: 1
Faflure Mode: Irgutliclont of no helivm purge How. Cirectiva #: CCBD ME3-015211
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Deagn f Oceunear! Relerenog

FALLURE CAUSE: &ALl CALZES

THE PNELIMATIC CONTROL ASSEMEBLY HAS SUCCESSFULLY PASSED DESIGN VERIFICAT KM TESTING [1). WHICH INCLULCED FRESSURE TESTING (20, PRESSURE CYCLING (3) AND
WIARATION TESTING (43, HIGH GYCLE AND LOW CyOLE FATICUE LIFE, 25 WELL AS THE MINIALIMA FACTGRS OF SaFETY FOR THE PGA, MEET CE| REQUIREMENTS (£}, THE PC4 Wwas
CLEARED FOR FRACTURE MECHAMICE/NLE FLAVY GROWTH, SINCE IT CONTAIME MO FRACTURE CRITICAL PARTS (8) THE DESIGN HAS BEEN FURTHER VERIFIEL BY WALVES BEMNG
REMUVED FROM EMG'HE 0107 AND DISASSEMBLED. THE VALVES SHOWED NO DEGRADATION CORWEAR OF DETANL PARTS (7). THESE VALVES HAD ACCUMULATED COVER 3,000
SECONISE M0 13 S14RTS THE HPOTP INTERIFDIATE SEAL PURGE PRESSUIRE REDLINE WILL LIMIT HOMWORST CASE" FAILURES 7O ENGINE SHUTDCWVIN. THE COWNTROLLER
MONTODR SYSTEM 15 COMPOSTD OF REDUNDANT SENSOR ELECTROMICS, REOUNOANT HARNESEES, AND REOUNDANT COMTROLLER EHAMMELS [1:3]

L1 DVE-SEME 510, (2] RES-510-46 (3) RES-519-5T; (41 RS-610-50, (5) RLIOSIZ, CPI20RODIIB, RSS.B546; (B) HASA TASK 117, (7} SBME-§2-0230, {m) CP40GRMN0Z PT 1 5.2.3:5.4
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Component Graup:

SSME FMEA/CIL
INSPECTION AND TEST

Freumatic Cantrols

Prepared: F. Lowrmors
CIL Marn: Ca00-43 Appravad: T. Hguyen
Component: Frienmatic Conlrol Assembly Approval Omte:  BiZ0G
Far Number: RO01 8450 Change ¥: 1
Failure Mode: Insufielant ar ne hellum purge 1lgw, Dkectve # CCBD MEJ-41-5213
Page: 1of &
Falue Lagses Slgrifcant Characterisios Ingpeciion(s) [ Tealis) Documzr] Reterenze
ABLCDFGHILEK PHELMATIC COMTROL RE010344
SALENTIR RES1107
FILTER Rd11040
PRESSURE ACTIIATED
Wit WE
g
|
E CLEAMLIMESS OF THE PHNEUMATH: CONT HOL ASSENELY, THE PRESEURE ACTUATED YALYES, AND THE SOLE MO R1 fH
COMPOMENTS VALVES ARE CLEANED T OXvGEN/FUEL SERVICE PER BPECIFICATION AMDY DRAWID RGCY84A50
REQUIREMENTS Reotindn
FS010341
DURIKG BANUFACTURE AND 4CCERPTAMNGE TEST DF THE 21 EMNDIC VALVE THE FILTER RLOOZ25
INSIALLATION, MALYE CLEANING, AMD CLEAN FLUZH PARTICLE COUNT 13 INSPECTED PER
SRECIFICATION.
.



Camnana Freumatlc Controls Freperad: F. Lowrin
CIL ilern; Czon.08 Approvad: T. Mawyon
Camponent: P raLiratic Centrol Assembly Approval Date: L]
Part Mumber: RO019450 Changa 2: 1
Failure Made: Insulkelent or ho helium purgs Thow. Directiva §; CCED ME3-D1-5213
Page: 2ol 4
Failure Cases Figrlfheat Charac) aristics Irspection{s  [estls) Bacumani Reference
ABCDFRHIK ZLEAMLIKESS OF OURING MANUFACTLRE AMD ACCERTAMCE TEST OF THE SOEEMOND YALVYE THE FILTER RLEIZ2E
COMPCNENTS INSTALLATICH, WALYE CLELNMG, AND CLEAM FLUSH PARTICLE COUMNT IS INSPECTED PER,
EPECIFICATION
DURING ASSEMALY OF THG PRESSURE ACTUATED YALVE THE ASTUATION AND DEACTUATION RLOOZAG
CQFERATION 13 VERIFIED. DOPERATIONOF THE VALVE WERIFIES MU CONTARMINATION BLOCKAGE (N
MOVING PARTS,
L)
1
(%]
|
FILTER INTEGRITY FILTERS ARE INEFRCTED TO MEET FLOW AND FILTRATION REDUIREMEKTS PER SPECIFICATION. BC1090
RC1:07
e - ———— ., - e s
E.J L FiSTOM SEAL RES 1365
YaLVE BODY Rof1oe4
FPALCER SEAL RES136G
VALVE BODY RE010350
FORPET RSOOR1GE
POFPET ROD11031

CAP

Ohid n e



Lamponeal Groun: Preurratic Controle

Preparad: P. Lowiimore
ZIL Rame 7220009 Approved: T. Hauyen
Conrponant; Pneumatic Centrel Assrmbly Approvel Diale; BiZ2rag
Part Numibsar: oo 8454 Change 3: 1
Faifura mede: Insuffleient ar na hetlum puge fove. Direcitva #: GCED MEX-01-521)
Fige: Act 4
Failire Cauzog Signiflcant Characeristics Inapesion|s] / Tasls) Docurmenl Refarengs
E JL FISTON SEAL RES1358
VWilvF BoDyY RCO1fcda
SPACER SEAL, RES 1366
WALVE BODY RE040353
FQERET RE00A10G
FOPPET RO01 11031
ChP RIC1 1028
EFAL RSCI8025
M TERIAL INTESRITY MATERIAL INTEGRITY ts VERIFIED PER DRAWING REQUIRELIENTS,
SEALING SURFACES THE SURFACE FINISH OF THE SEALS ARE IMSFECTED FER BRAMING REQUIREMENTS, RES1365
RES1368
RS00a02g
(]
F
k2
w@ THE 5EA| ING SLUIRFACE FIMISHES ARE INSPECTED PER ORAWING RECUIREMENTS R0 100
REQ103sg
R011028
THE PISTOM AND SEACER SEAL LEAKAGE IS VERIFIED TO BE WITHIN SPECIFICATION RLICEAG
REQUIREMFNTS. RS00224
DURIMG ASSEMBLY ANO ACCEP TANGE TEST, THE VALVE ACTUATION AMD DEACTUSTON RLI0O345
DPERATIDN ' RLOO22G
AND SEALING ARE vERIFIEDL
1
ALL CALSES PHELMATIC CONTIROL ROM1 9450
ASIEMBLY
ASEEMBLY TESTIHG THE FOLLOWIMG TESTS ARE FERFORMED DURING ASSEMBLY AND FLNCTIONAL TESTING OF THE

FMELWATIC CONTROL ASSEMBLY:



Compone up: Faenratle Contrals Freparad: P. Lowrin

CIL ltamn: CI0C-08 Approvad: . Hougran

Compenent: Freumatic Conlral Aszembly Approval Diate: L

Part Humbes; RO0184 50 Change &: 1

Frilure Made: [msufficiant or ne hellum purge flow. Direclive 2: CCGAD MEX-01-5213
Paga: daof 4

Fai o Canaes

Signitzanl Charagieristica Inspectinnis) f Taste)

Dacument Refersnce

ALL CALUSES

ST

Failure Hizbory:

Ooeratianal Use-

ASEFUBLY TESTING - SEAT LEAKAGE 1S VERIFIED TG BE WYITHIN SPECIEICATION FOR BOTH EMERGIZED AND DE-
ENMERGIZED OPERATION

- ASSEMDLY OPERATION 1S VERIFIED G TESTING EACH FUNCTION OF THE FHEUMATIC CONTROL

ASSEMALY.
- ASSEMBLY FUNCTION 1S VERIFIED BY INSPECTION OF THE AATE AND PRESSURE DURING FLOVY
CHECK,
HOT-FIRE ACCERTANCE FMEUMATIC COMTROL ASSEMBLY OPERATICN IS VERIFIED THROUGH HOT-FIRE ACCERTANCE
1ES NG TESTIMG.
'GREEMN RUM)

FRE-FLIGHT GHECHIAT HPCTP INTERMEDIATE SEAL PURSE DPERATION IS VERIFIED DURING 35ME ELECTRICAL
CHECKOUT PRICR TG FLIGHT OR AETER ANY REPLACEMENT OF RELATED COMPOMENTE BV

FERFORMING THE FOLLOCWING DMRED REALUIREMENTS:

-FUGHT READINESS TEST INGLUGING PNEUMA| 1 SHUTDOWN.
- FLIGHT READINESS TRSTS AMD WALVE CYCOLE VERIF ICATION.

- PRE-CRYQ LOADING.
-PURGE SEQUEMCE MUMBER 4 {LAST TEST}

Corrprehzrsalea failure history data is manlzned m fbe Problem e rarting datahasa (PRASIPRATA)
Reference: NASA leher 54217884305 and Rocketdyre letter BERC00TET
hed Agolicat ke,

RLOG344
RLOG 344
RLA02a4

R 481

OMASD V41450 032
CMASD SO0FAD 311
OMPSD S00F4LC. 217
QMRS D SO0F 0, 250



